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(57) Abstract: A fuel cell is provided with a membrane electrode assembly (26) in which an anode (26B) and a cathode (26C) 
are formed on both sides of a polymer electrolyte film (26A). The fuel cell is provided with a downstream gas supply channel (33) 
facing the cathode (26C), an upstream gas supply channel (32) through which a cathode gas is supplied to the downstream gas 
supply channel (33) and which does not face the cathode (26C), and a partition wall (28A) which is made from a porous material 

SSST" r m T? ?«A UPP,y Ch3nnel (33) th£ UpStream g3S SUppIy Channel ( 32) - Electro-chemical reactions of 
the cathode gas in the cathode (26C) generates a large amount of moisture. The moisture passes through the partition wall (26A) 

pwST Vf ?™ ■? ' ° f UpStream 835 SUPP ' y Channe ' (32) ' thereb y maki "S to moisture d^tribution in the membrane 

electrode assembly (26) uniform. 
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DESCRIPTION 

POLYMER ELECTROLYTE FUEL CELL AND POWER GENERATION 

DEVICE 

FIELD OF THE INVENTION 

This invention relates to moisture distribution within a polymer electrolyte 
fuel cell (PEFC). 

7 

BACKGROUND OF THE INVENTION 

Tokkai Hei 8-138691, published by Japan Patent Office in 1996, discloses 
a moisture transporting structure of a polymer electrolyte fuel cell (PEFC). 
The polymer electrolyte fuel cell (PEFC) is provided with a membrane electrode 
assembly (MEA) in which a polymer electrolyte film is sandwiched by gas 
diffusion electrodes (GDEs) that constitute an anode and a cathode. The 
membrane electrode assembly (MEA) is gripped by a pair of plates. Gas 
channels facing the cathode and the anode, respectively, are formed in the 
plates. 

The membrane electrode assembly (MEA) generates a large amount of 
water vapor as a result of a reaction between hydrogen ions and oxygen in the 
gas diffusion electrodes (GDEs). On the other hand, in order for the membrane 
electrode assembly (MEA) to separate hydrogen into protons and hydrogen 
ions needed in power generation, it is necessary for the membrane electrode 
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assembly (MEA) to maintain a moist state at all times. In the prior art, the 
plates are constituted by using a porous substance, thus causing generated 
moisture to be absorbed therein. The moisture is transported by capillary 
action and supplied to dry portions of the membrane electrode assembly 
(MEA) where humidification is necessary. 

SUMMARY OF THE INVENTION 

Polymer electrolyte fuel cells (PEFCs) according to the prior art perform 
the transportation of moisture from a moist portion of the membrane electrode 
assembly (MEA) to the dry portion only by capillary action within the plates. 
Therefore, a sufficient amount of moisture cannot be transferred from the 
moist portion to the diy portion if the moisture transporting distance between 
the two portions is long, and there is a possibility that the moist state of the 
membrane electrode assembly (MEA) cannot be made uniform. 

For this reason, it is difficult to completely prevent phenomena that are 
undesirable in terms of power generation function, such as "dryout" in which 
a portion of the membrane electrode assembly (MEA) becomes dry or "flooding" 
in which localized moisture blocks supply of the cathode gas to the membrane 
electrode assembly (MEA). 

It is therefore an object of this invention to improve the transporting 
performance of moisture from a moist portion of a membrane electrode assembly 
(MEA) of a polymer electrolyte fuel cell (PEFC) to a dry portion. 

It is a further object of this invention to suitably control moisture within 
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a fuel cell stack that uses a polymer electrolyte fuel cell (PEFC). 

In order to achieve the above objects, this invention provides a polymer 
electrolyte fuel cell comprising a membrane electrode assembly comprising a 
polymer film and a pair of electrodes formed on both surfaces of the polymer 
film, a downstream gas supply channel facing a specific electrode of the pair of 
the electrodes, an upstream gas supply channel which supplies a reaction gas 
to the downstream gas supply channel and is not facing the specific electrode, 
and a partition wall which is made from a porous material, is arranged 
substantially parallel to the polymer film, and partitions the downstream gas 
supply channel and the upstream gas supply channel. 

This invention also provides a power generation device comprising a fuel 
cell stack in which a plurality of polymer electrolyte fuel cells are laminated. 

Each of the fuel cells comprises a membrane electrode assembly comprising 
a polymer film and a pair of electrodes formed on both surfaces of the polymer 
film, a downstream gas supply channel facing a specific electrode of the pair of 
the electrodes, an upstream gas supply channel which supplies a reaction gas 
to the downstream gas supply channel, and is not facing the specific electrode, 
and a partition wall which is made from a porous material, is arranged 
substantially parallel to the polymer film, and partitions the downstream gas 
supply channel and the upstream gas supply meL 

The fuel cell stack comprises a first inlet manifold which distributes the 
reaction gas to the upstream gas supply channel of each of the fuel cells, a 
first outlet manifold which collects the reaction gas Jxom the downstream gas 
supply channel of each of the fuel cells, ^cond outlet manifold which 
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collects the reaction gas of the upstream gas supply channel of each of the 
fuel cells, and a second inlet manifold which distributes the reaction gas to 
the downstream gas supply channel of each of the fuel cells. 

The power generation device further comprises a blower which forcibly 
supplies the reaction gas collected by the second outlet manifold to the 
second inlet manifold. 

The details as well as other features and advantages of this invention are 
set forth in the remainder of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a power generation device according to 
this invention. 

FIGs. 2A and 2B are longitudinal sectional views of a fuel cell according 
to this invention. 

FIG. 3 is a longitudinal sectional view of essential parts of a fuel cell 
stack according to this invention. 

FIG. 4 is a front view of a porous bipolar plate according to this invention. 

FIG. 5 is a front view of a first solid bipolar plate according to this 
invention. 

FIG. 6 is a front view of a second solid bipolar plate according to this 
invention. 

FIG. 7 is a front view of an impermeable layer according to this invention. 
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FIG. 8 is a diagram for explaining a relationship between temperature 
and saturation vapor pressure. 

FIG. 9 is a diagram showing gas temperature and relative humidity in 
various positions within a cathode gas channel, according to the prior art. 

FIG. 10 is similar to FIG. 1, but shows a second embodiment of this 
invention. 

FIG. 11 is a longitudinal sectional view of a fuel cell according to a 
second embodiment of this invention. 

FIG. 12 is a front view of a porous bipolar plate according to the second 
embodiment of this invention. 

FIG. 13 is a front view of an impermeable layer according to the second 
embodiment of this invention. 

FIG. 14 is a diagram showing gas temperature, relative humidity, and 
moisture amount in various positions within a cathode gas channel, according 
to the second embodiment of this invention; 

FIG. 15 is a front view of a porous bipolar plate according to a third 
embodiment of this invention. 

FIG. 16 is similar to FIG. 1, but shows a fourth embodiment of this 
invention. 

FIG. 17 is a diagram for explaining a relationship between gas flow rate 
and pressure difference between an upstream cathode gas channel and a 
downstream cathode gas channel according to the fourth embodiment of this 
invention; 

FIG. 18 is a diagram for explaining a relationship between power generation 
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load of a fuel cell stack and opening of a pressure regulating valve according 
to the fourth embodiment of this invention. 

FIG. 19 is a longitudinal sectional view of essential parts of a fuel cell 
stack for explaining a laminate structure of a fuel cell according to a fifth 
embodiment of this invention. 

FIG. 20 is similar to FIG. 1, but shows a sixth embodiment of this 
invention. 

FIG. 21 is a longitudinal sectional view of essential parts of a fuel cell 
stack for explaining a laminate structure of a fuel cell according to a seventh 
embodiment of this invention. 

FIG. 22 is a front view of a first solid bipolar plate according to the 
seventh embodiment of this invention. 

FIG. 23 is a longitudinal sectional view of essential parts of a fuel cell 
stack for explaining a variation relating to the laminate structure of a fuel 
cell, according to the seventh embodiment of this invention. 

FIG. 24 is similar to FIG. 1, but shows an eighth embodiment of this 
invention. 

FIG. 25 is a schematic diagram of a cathode gas supply control device 
according to the eighth embodiment of this invention. 

FIG. 26 is a flowchart for explaining a cathode gas supply routine executed 
by a controller according to the eighth embodiment of this invention. 

FIG. 27 is a schematic diagram of a power generation device for explaining 
a variation relating to cathode gas supply, according to the eighth embodiment 
of this invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to FIG. 1 of the drawings, a power generation device is provided 
with a fuel cell stack 1, an anode gas supply unit 2 for supplying hydrogen to 
the fuel cell stack 1 as an anode gas, a cathode gas supply unit 3 for 
supplying air to the fuel cell stack 1 as a cathode gas, and a cooling unit 4 for 
cooling the fuel cell stack 1. The fuel cell stack 1 is constituted by a large 
number of laminated polymer electrolyte fuel cells (PEFCsJ. 

The anode gas supply unit 2 supplies the anode gas from an anode gas 
source 5 through an anode supply passage 2A to an inlet manifold 7 of the 
fuel cell stack 1 . A pressure regulating valve 6 for regulating the anode gas 
pressure is provided in the anode supply passage 2A. The anode gas is 
discharged from an outlet manifold 8 as an anode effluent after circulating 
within the fuel cell stack 1. A recirculation passage 9 and a purge valve 1 1 are 
connected to the outlet manifold 8. The recirculation passage 9 is connected 
to the anode gas supply passage 2A upstream of the pressure regulating valve 
6. A recirculation pump 10 is provided in the recirculation passage 9. 

The purge valve 1 1 is closed during normal operation, and the anode 
effluent that has been discharged from the outlet manifold 8 is recirculated to 
the anode supply passage 2A via the recirculation passage 9 by the recirculation 
pump 10. The purge valve 1 1 is opened during purging, and the anode effluent 
within the fuel cell stack 1 is released to the ambient atmosphere. 

A cathode gas supply unit 3 supplies air aspirated through a filter 16 by a 
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blower 15 to an inlet manifold 17 of the fuel cell stack 1 through a cathode 
gas supply passage 3A. The air that has circulated within the fuel cell stack 1 
is discharged to the ambient atmosphere as a cathode effluent from an outlet 
manifold 18 through a pressure regulating valve 19. 

The cooling unit 4 circulates a coolant within a coolant tank 20 to the 
fuel cell stack 1 in order to maintain the fuel cell stack 1 at an optimal 
temperature. The coolant within the coolant tank 20 is supplied to an inlet 
manifold 22 of the fuel cell stack 1 through a coolant supply passage 4A by a 
pump 21. The coolant that has circulated within the fuel cell stack 1 is 
discharged from an outlet manifold 23 to a coolant collection passage 4B, and 
is collected in the coolant tank 20 after heat is released in a radiator 24. 

All of the inlet manifolds 7, 17, and 22, and all of the outlet manifolds 8, 
18, and 23 branch inside the fuel cell stack 1, and communicate with channels 
formed in each of the fuel cells that form the fuel cell stack 1. 

Referring now to FIGs. 2A and 2B, the structures of the channels within 
each of the fuel cells will be described. The fuel cells are made from a 
membrane electrode assembly (MEA) 26, a first solid bipolar plate (solid BPP) 
27, a porous bipolar plate (porous BPP) 28, and a second solid BPP 30. 

The porous BPP 28 corresponds to a first plate in the claims. The first 
solid BPP 27 corresponds to the second plate in the claims, and the second 
solid BPP 30 corresponds to the third plate in the claims. 

The MEA 26 is a composite body of a solid polymer electrolyte film 26A, 
and an anode gas diffusion electrode 26B and a cathode gas diffusion electrode 
26C that are disposed on both sides of the solid polymer electrolyte film 26A. 
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The MEA 26 is sandwiched by the first solid BPP 27 and the porous BPP 
28. Hie second solid BPP 30 is disposed in contact with the porous BPP 28. 

An anode gas channel 31 that faces the anode gas diffusion electrode 26B 
is formed in the first solid BPP 27. The first solid BPP 27 is constituted by a 
gas-impermeable material. 

An upstream cathode gas channel 32 that faces the second solid BPP 30, 
and a downstream cathode gas channel 33 that faces the cathode gas diffusion 
electrode 26C are formed in the porous BPP 28. The upstream cathode gas 
channel 32 communicates with the inlet manifold 17, and the downstream 
cathode gas channel 33 communicates with the outlet manifold 18. FIG. 2A 
shows a transverse section in which the fuel cell is cut along a center line of 
the entrance manifold 17, and FIG. 2B shows a transverse section in which 
the fuel cell is cut along a center line of the outlet manifold 18. The inlet 
manifold 17 and the outlet manifold 18 are formed to pass through the fuel 
cell stack 1 in a longitudinal direction, in other words, in a direction in which 
the fuel cells are laminated, as shown in FIGS. 2A and 2B. 

The upstream cathode gas channel 32 and the downstream cathode gas 
channel 33 are separated by a partition wall 28A that forms a portion of the 
porous BPP 28. A through hole 34 that communicates with the upstream 
cathode gas channel 32 and the downstream cathode gas channel 33 is formed 
through the partition wall 28A in the porous BPP 28 at a location that is 
furthest away from the inlet manifold 17 and the outlet manifold 18. 

The porous BPP 28 is constituted by a porous material that has Innumerable 
microscopic pores through which gasses and liquids can pass. It should be 
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noted that the microscopic pores are blocked due to liquid surface tension if a 
liquid such as water exists inside the material, and therefore gases are prevented 
from passing through. 

A coolant channel 29 is formed in the second solid BPP 30: The second 
solid BPP 30 is constituted by a gas-impermeable material. 

FIG. 3 shows a transverse section of the fuel cell stack 1 cut in a 
direction orthogonal to FIGs. 2A and 2B. As shown in FIG. 3, many single fuel 
cells are laminated in the fuel cell stack 1, and the coolant channel 29 is 
tightly sealed by a back surface of the first solid BPP 27 of the adjacent fuel 
cell. Also, as shown in the figure, the anode gas channel 31 is partitioned by 
a plurality of parallel ribs 27A that form a portion of the first solid BPP 27. 
The upstream cathode gas channel 32 and the downstream cathode gas channel 
33 are partitioned by a plurality of parallel ribs 32A, and a plurality of parallel 
ribs 33A, respectively, that form a portion of the porous BPP 28. The coolant 
channel 29 is partitioned by a plurality of parallel ribs 30A that form a 
portion of the second solid BPP 30. 

FIG. 4 is a front view of the porous BPP 28, and corresponds to a diagram 
of the porous BPP 28 of FIG. 2A as viewed from below. The inlet manifold 7 
and the outlet manifold 8 of the anode gas, and the inlet manifold 22 and the 
outlet manifold 23 of the coolant pass completely through the fuel cell stack 1 
as shown in this figure, similarly to the inlet manifold 17 and the outlet 
manifold 18 of the cathode gas. 

One end of the upstream cathode gas channel, 32 in the porous BPP is 
connected to the inlet manifold 17, and the other end of the upstream cathode 
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gas channel 32 is connected to the through hole 34. One end of the downstream 
cathode gas channel 33 is connected to the outlet manifold 18, and the other 
end of the downstream cathode gas channel 33 is connected to the through 
hole 34. 

The cathode gas supplied from a blower 15 flows into the upstream 
cathode gas channel 32 from the inlet manifold 17 as shown in FIG. 2A 
passes through the through hole 34, and arrives at the downstream cathode 
gas channel 33. At the downstream cathode gas channel 33, after oxygen is 
supplied to the gas diffusion layer of the MEA 26, the cathode gas is discharged 
to the outlet manifold 18 as a cathode effluent. 

Referring again to FIG. 4, the cathode gas that flows in from the inlet 
manifold 17 flows down the upstream cathode gas channel 32 and reaches the 
through hole 34. 

Jetties 32B are formed at two locations in the upstream cathode gas 
channel 32 as shown in FIG. 4, and the ribs 32A are disposed to detour 
around the jetties 32B. The cathode gas accordingly detours around the 
jetties 32B, meanders in a substantially S-shape as shown by a solid line 
arrow, before it reaches the through hole 34. 

After passing through the through hole 34, the cathode gas flows into the 
downstream cathode gas channel 33 expanding on the reverse side of the 
partition wall 28A. Jetties 33B that are similar to the jetties 32B are formed 
in the downstream cathode gas channel 33 on the reverse side of the jetties 
32B. The cathode gas flown out from the through hole 34 detours around the 
jetties 33B formed at two locations, and meanders in a substantially S-shape 
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as shown by a dashed line arrow In FIG. 4, before it reaches the outlet 
manifold 18. The dashed line in the vicinity of the outlet manifold 18 shows 
the outline of the downstream cathode gas channel 33. The inlet manifold 17 
and the outlet manifold 18 are disposed adjacently to each other, and respectively 
penetrates the porous BPP 20 on its outer circumference. 

The inlet manifold 7 and the outlet manifold 8 of the anode gas, and the 
inlet manifold 22 and the outlet manifold 23 of the coolant also respectively 
penetrates the porous BPP 28 on its outer circumference but in locations that 
do not interfere with the inlet manifold 17 and the outlet manifold 18, as 
shown in FIG. 4. 

Referring to FIG. 5, one end of the anode gas channel 31 in the first solid 
BPP 27 is connected to the inlet manifold 7, and the other end of the anode 
gas channel 31 is connected to the outlet manifold 8. Two jetties 27B are 
formed in the anode gas channel 31. and the ribs 27A are disposed to detour 
around the jetties 27B. The anode gas that flows into the anode gas channel 
31 from the inlet manifold 7 therefore detours around the jetties 32B, and 
meanders in a substantially S-shape as shown by a solid line arrow, before it 
reaches the outlet manifold 8. 

Referring to FIG. 6, one end of the coolant channel 29 in the second solid 
BPP 30 is connected to the inlet manifold 22, and the other end of the coolant 
channel 29 is connected to the outlet manifold 23. Jetties 30B are formed in 
the coolant channel 29 at two locations, and ribs 30A are disposed to detour 
around the jetties 32B. The anode gas that flows into the anode gas channel 
31 from the inlet manifold 22 therefore detours around the jetties 32B and 
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meanders in a substantially S-shape as shown by a solid line arrow, before it 
reaches the outlet manifold 23. 

Referring to FIG. 7, the porous BPP 28 is constituted by a porous material 
through which gasses and liquids can pass. An impermeable layer 100 is 
therefore formed by impregnating a resin into the porous BPP 28 in the outer 
circumference of the porous BPP 28, and the inner circumference of the 
manifolds 7, 8, 17, 18, 22, 23 and the through hole 34 as shown by the 
hatchings in the figure so that gasses and moisture do not leak out from the 
porous BPP 28. 

Referring again to FIG. 2B, moisture vapor is generated by a reaction 
between oxygen within the cathode gas and hydrogen that has passed through 
the electrolytic film in the gas diffusion electrode of the MEA 26 facing the 
downstream cathode gas channel 33. Further, the cathode gas of the downstream 
cathode gas channel 33 becomes high temperature due to the heat of reaction 
between hydrogen and oxygen in the gas diffusion electrode of the MEA 26. 

Referring to FIG. 8, if the temperature of the cathode gas becomes high, 
the saturation vapor pressure increases rapidly. The cathode gas that flows 
down the downstream cathode gas channel 33 therefore contains a large 
amount of moisture vapor. 

On the other hand, referring to FIG. 2A, the air supplied from the inlet 
manifold 17 of the cathode gas to the upstream cathode gas channel 32 is 
ambient air supplied from the blower 15, and is relatively low. temperature 
with respect to the fuel cell during operation. The upstream, cathode gas 
channel 32 near the inlet manifold 17 therefore becomes low temperature. 

?nO40?S7R4A1 T> 
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The high temperature cathode gas of the downstream cathode gas channel 33, 
which is disposed on the rear side of the upstream cathode gas channel 32 
and is near the outlet manifold 18 is cooled through the partition wall 28A of 
the porous BPP 28. 

As a result, the saturation vapor pressure of the cathode gas of the 
downstream cathode gas channel 33 drops, and saturated water vapor permeates 
as a liquid into the innumerable microscopic pores of the partition wall 28A of 
the porous BPP 28 due to capillary action. As shown by a plurality of small 
arrows in FIGs. 2A and 2B, the water that permeates into the partition wall 
28A moves within the partition wall 28A toward the dried upstream cathode 
gas channel 32. As stated above, the cathode gas of the downstream cathode 
gas channel 33 is high temperature, and therefore the temperature of the 
water that condenses from the cathode gas of the downstream cathode gas 
channel 33 is also high. Moisture that passes through the partition wall 28A 
and reaches the upstream gas channel 32 therefore heats and humidifies the 
cathode gas within the upstream cathode gas channel 32. 

Therefore, the cathode gas of the upstream cathode gas channel 32 has 
been pre-heated and pre-humidified when it is supplied from the through hole 
34 to the downstream cathode gas channel 33. 

That is, the cathode gas of a downstream portion of the downstream 
cathode gas channel 33 that has the highest temperature and highest humidity 
and the cathode gas of an upstream portion of the upstream cathode gas 
channel 32 that has the lowest temperature and lowest humidity perform 
moisture and temperature exchange over a short moving distance through the 
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partition wall 28A constituted by a porous material. Therefore, it is possible 
to efficiently exchange the moisture and temperature in a large amount. 

As a result, the cathode gas in the upstream portion of the downstream 
cathode gas channel 33 contains a large amount of moisture at a high 
temperature. This makes the humidity distribution and the moisture distribution 
uniform over the entire length of the downstream cathode gas channel 33 that 
faces the MEA 26. 

FIG. 9 shows changes in the temperature and the relative humidity 
within the cathode gas channel according to the prior art. As shown in the 
figure, the temperature and the relative humidity of the cathode gas channel 
both increase as the distance from the inlet manifold increases, or the distance 
to the outlet manifold decreases. As a result, the cathode gas is discharged 
from the outlet manifold while containing a large amount of water vapor. 
Further, if the moisture that exceeds the saturation vapor pressure condenses, 
then flooding tends to occur in the vicinity of the outlet manifold. On the 
other hand, the temperature and the relative humidity of the cathode gas 
channel are both low in the vicinity of the inlet manifold, and therefore 
dry out tends to occur. 

As discussed above, in this power generation device, the temperature 
distribution and the moisture distribution are made uniform over the entire 
length of the downstream cathode gas channel 33, which faces the MEA 26. 
An environment can therefore be obtained in which neither dryout nor flooding 
occurs. 

Although the porous BPP 28 is provided only for the cathode side in this 
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embodiment, it is also possible to form the BPP for the anode side with a 
porous material, thereby obtaining uniform moisture distribution in the anode 
gas. 

Referring to FIGs. 10 to 14, a second embodiment of this invention will 
be described. 

The power generation device shown in FIG. 10 differs from that of the 
first embodiment in the structure of the cathode gas supply unit 3. The 
upstream cathode gas channel 32 of each fuel cell is connected to an external 
pipe 39A that leads to a blower 38 outside of the fuel cell stack 1 through a 
second outlet manifold 36. The blower 38 takes in the cathode gas of the 
external pipe 39A and forcibly sends out the cathode gas to an external pipe 
39B. The cathode gas that is sent out to the external pipe 39B is redistributed 
to the downstream cathode gas channel 33 of each of the fuel cells through a 
second inlet manifold 37 that is formed in the fuel cell stack 1. 

Referring to FIG. 11, the second outlet manifold 36 that communicates 
with the upstream cathode gas channel 32, and the second inlet manifold 37 
that communicates with the downstream cathode gas channel 33 are formed 
in the porous BPP 28 as substitutes for the through hole 34. As shown in 
FIG. 12, the second outlet manifold 36 and the second inlet manifold 37 each 
pass longitudinally through the fuel cell stack 1 in nearly the same position 
as the through hole 34 of the first embodiment. 

Referring to FIG. 13, an impermeable layer 100 is formed on the outer 
circumference of the porous BPP 28, and on wall surfaces of each of the 
manifolds 7, 8, 17, 18, 22, 23, 36, and 37 by impregnating a resin to the 
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porous BPP 28 as shown by the hatchings in the figure. 

Other structures of the power generation device are identical to those of 
the first embodiment. 

The cathode gas that flows along the upstream cathode gas channel 32 is 
pulled into the blower 38 in this power generation device, and therefore the 
upstream cathode gas channel 32 takes on a negative pressure, while the 
downstream cathode gas channel 33 takes on a positive pressure due to the 
cathode gas being send out by the blower 38. A pressure difference thus 
develops between the upstream cathode gas channel 32 and the downstream 
cathode gas channel 33. Movement of liquid-phase water, which develops in 
the downstream cathode gas channel 33, to the upstream cathode gas channel 
32 through the partition wall 28A is therefore promoted further. 

Referring to FIG. 14, the relative humidity between the upstream cathode 
gas channel 32 and the downstream cathode gas channel 33, the temperatures 
thereof, and the amount of moisture therein change in accordance with position. 
In the upstream cathode gas pathway 32, the temperature increases as the 
distance to the second outlet manifold 36 decreases due to heat exchange 
with the downstream cathode gas channel 33 through the partition wall 38A 
of the porous BPP 28. The amount of water vapor capable of being contained 
in the cathode gas therefore becomes greater. On the other hand, moisture 
that has passed through the partition wall 28A joins the cathode gas of the 
upstream cathode gas channel 32, so the relative humidity also increases as 
the distance to the second outlet manifold 36 decreases, and finally it reaches 
a hundred percent. 
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In the downstream cathode gas channel 33, the temperature decreases as 
the distance to the outlet manifold 18 decreases, as a result of heat exchange 
with the upstream cathode gas channel 32 through the partition wall 28A. As 
a result, the amount of moisture capable of being contained in the cathode 
gas is reduced, and excess moisture condenses. The condensed moisture 
moves to the upstream cathode gas channel 32 through the partition wall 
28A. The amount of moisture capable of being contained in the cathode gas 
thus becomes smaller as the temperature in the vicinity of the outlet manifold 
18 is reduced, and, accordingly, the amount of moisture discharged to the 
outside while contained in the cathode gas can be suppressed. 

In order to reduce temperature changes when the cathode gas passes 
through the external pipe 39A that connects the blower 38 and the second 
outlet manifold 36, and the external pipe 39B that connects the blower 38 
and the second inlet manifold 37, it is preferable to cover at least one of the 
external pipes 39A and 39B with a thermal insulating material. 

Referring to FIG. 15, a third embodiment of this invention will be described. 

In this embodiment, the cross sectional area of the outlet manifold 18 is 
set larger than the cross sectional area of the inlet manifold 17, and the cross 
sectional area of the second inlet manifold 37 is set larger than the cross 
sectional area of the second outlet manifold 36. Other structures are identical 
to those of the second embodiment. 

The MEA 26 faces only the downstream cathode gas channel 33 of the 
porous BPP 28, and does not face the upstream cathode gas channel 32. 
Therefore, it is necessary to make the flow of the cathode gas uniform in the 
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downstream cathode gas channel 33, but it is not necessary to do so in the 
upstream cathode gas channel 32. 

The widths of the cross section of the outlet manifold 18, which serves as 
an outlet of the downstream cathode gas channel 33, and the cross section of 
the second inlet manifold 37, which serves as an inlet of the downstream 
cathode gas channel 33, are increased until they become nearly equal to the 
width of the downstream cathode gas channel 33. Instead, the widths of the 
cross sections of the inlet manifold 17 and the second outlet manifold 36 are 
made smaller. By setting the cross sections of the inlet and outlet manifolds 
in this way, the flow of the cathode gas in the downstream cathode gas 
channel 33 is rendered uniform. 

Referring to FIGs. 16 to 18, a fourth embodiment of this invention will be 
described. 

Referring to FIG. 16, a power generation device according to this embodiment 
corresponds to the power generation device of the second embodiment in 
which a pressure regulating valve 40 is further provided in the cathode gas 
supply passage 3A. 

The amount of moisture that moves from the downstream cathode gas 
channel 33 to the upstream cathode gas channel 32 through the partition 
wall 28A depends upon the pressure difference between the downstream cathode 
gas channel 33 and the upstream cathode gas channel 32. 

Referring to FIG. 17, the pressure difference between the downstream 
cathode gas channel 33 and the upstream cathode^gas channel 32 becomes 
larger as the flow rate sent out by the blower 38 increases. The pressure 
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difference between the downstream cathode gas channel 33 and the upstream 
cathode gas channel 32 is small if the flow rate sent out by the blower 38 is 
small, and the amount of movement of moisture through the partition wall 
28A is also small. 

By providing the pressure regulating valve 40 in addition to the pressure 
regulating valve 19, it becomes possible to set this pressure difference to 
arbitrary values. That is, for identical flow rates sent out by the blower, the 
pressure of the upstream cathode gas channel 32 drops when the opening of 
the pressure regulating valve 40 decreases, and the pressure of the downstream 
cathode gas channel increases when the opening of the pressure regulating 
valve 19 decreases. 

In either case, the pressure difference between the pressure of the 
downstream cathode gas channel 33 and the pressure of the upstream cathode 
gas channel 32 increases, and the amount of moisture that moves through 
the partition wall 28A increases at the identical cathode gas flow rate. 

When the power generation load on the fuel cell stack 1 is small, the flow 
rate of the cathode gas supplied is also small. The pressure difference between 
the downstream cathode gas channel 33 and the upstream cathode gas channel 
32 is therefore also small. According to this embodiment, however, movement 
of a necessary amount of moisture through the partition wall 28A can be 
ensured by controlling the openings of the pressure regulating valve 40 and 
the pressure regulating valve 19. 

Referring to FIG. 18, by reducing the openings of the pressure regulating 
valves 19 and 40 as the power generation load on the fuel cell stack 1 becomes 
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smaller, the pressure difference between the downstream cathode gas channel 
33 and the upstream cathode gas channel 32 can remain unchanged, so the 
amount of moisture moving through the partition wall 28A can also remain 
unchanged. The amount of moisture that moves through the partition wall 
28A is ensured according to this embodiment even when the power generation 
load is small, and the flow rate of the cathode gas is small. Diyout in the 
upstream portion of the downstream cathode gas channel 33, and flooding in 
the downstream portion of the downstream cathode gas channel 33 are therefore 
prevented from occurring. 

Referring to FIG. 19, a fifth embodiment of this invention will be described. 

This embodiment relates to the structures of the porous BPP 28 and the 
second solid BPP 30 of a fuel cell. The upstream cathode gas channel 32 and 
the downstream cathode gas channel 33 are formed in the porous BPP 28 in 
the first embodiment, but the upstream cathode gas channel 32 is formed in 
the second solid BPP 30 in this embodiment, along with the coolant pathway 
29. Only the downstream cathode gas channel 33 is formed in the porous BPP 
28. Other features of the fuel cell are identical to those of the first embodiment. 

The upstream cathode gas channel 32 and the downstream cathode gas 
channel 33 are also defined in this embodiment by the partition wall 28A that 
forms a portion of the porous BPP 28. Similarly to the first embodiment, 
moisture moves from the downstream cathode gas channel 33 to the upstream 
cathode gas channel 32 through the partition wall 28A, and therefore the 
moisture distribution of the MEA 26 can be made uniform. 

The ribs 32A that partition the upstream cathode gas channel 32 are 
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formed in the second solid BPP 30 according to this embodiment. The porous 
BPP 28 is constituted by a porous material,. The porous material is generally 
weaker in strength and more difficult in processing than a non-porous material. 
According to this embodiment, the amount of the porous material used is 
reduced by forming the ribs 32A in the second solid BPP 30, and therefore the 
structural strength of the fuel cell stack 1 can be increased, and the structure 
of the porous BPP 28 can be simplified. Further, if the amount of the porous 
material used is reduced, the amount of moisture that remains within the 
microscopic pores of the porous material in the fuel cell stack 1 in a stopped 
state is reduced. As a result, the amount of ice that must be melted when the 
fuel cell stack 1 is started at a temperature below zero is reduced, and a 
reduction in the startup time and a reduction in the amount of energy 
consumed in defrosting can be achieved. 

It is also possible to integrate the first solid BPP 27 and the second solid 
BPP 30 in this embodiment. 

Referring to FIG. 20, a sixth embodiment of this invention will be described. 

This embodiment corresponds to unifying the first solid BPP 27 and the 
second solid BPP 30 in the first embodiment, and disposing a separator 43 
between the second solid BPP 30 and the porous BPP 28. The separator 43 
may be formed of any material that is electrically conductive and functions to 
cutoff the coolant and the cathode gas. Effects similar to those of the first 
embodiment can be obtained according to this embodiment, while the number 
of bipolar plates can be reduced. 

Referring to FIGs. 21 to 23, a seventh embodiment of invention will be 
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described. 

This embodiment corresponds to the fuel cell stack 1 of the second 
embodiment, in which the second solid BPP 30 is omitted by forming the 
anode gas channel 31, the coolant channel 29, and the upstream cathode gas 
channel 32 in the first solid BPP 27 and in which only the downstream 
cathode gas channel 33 is formed in the porous BPP 28. 

Referring to FIG. 21, the coolant channel 29 and the upstream cathode 
gas channel 32 are formed on the same vertical plane of the first solid BPP 27. 
An impermeable portion 44, through which gases and coolants do not pass, is 
formed in the portion of the partition wall 28A of the porous BPP 28 that 
faces the coolant channel 29. The impermeable portion 44 is formed by 
impregnating a resin into the porous material, for example. 

Referring to FIG. 22, the upstream cathode gas channel 32 is formed in 
an upper portion of the first solid BPP 27, and the coolant pathway 29 is 
formed in a lower portion of the first solid BPP 27. The cathode gas flows 
from the inlet manifold 17, which is disposed on the upper right-hand side of 
the figure, toward the second outlet manifold 37, which is disposed on the 
upper left-hand side of the figure, in the upstream cathode gas side of the 
figure, detours around the jetties 30B and flows toward the outlet manifold 23 
in the coolant pathway 29. 

On the other hand, in the porous BPP 28, which is disposed on the rear 
side of this cross section, the cathode gas flows in the downstream cathode 
gas channel 33 from the second inlet manifold 37,^which is disposed in the 
lower left-hand side of the figure, toward the outlet manifold 18, which is 
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disposed In the upper right-hand side of the figure, as shown by a dashed line 
arrow. 

Accordingly, only the moisture of the cathode gas in the downstream 
portion of the downstream cathode gas channel 33 moves through the partition 
wall 28A and to the upstream cathode gas channel 32 in the fuel cell stack 1. 
The cathode gas in the downstream portion of the downstream cathode gas 
channel 33 contains a large amount of moisture, and this moisture is supplied 
to the upstream cathode gas channel 32 through the partition wall 28A. 
According to this arrangement also, flooding in the vicinity of the outlet 
manifold 18 as well as dryout in the vicinity of the second inlet manifold 37 
can be prevented. 

The moisture in the upstream portion of the downstream cathode gas 
channel 33 is prevented form moving to the upstream cathode gas channel 32 
in this embodiment due to the impermeable portion 44 formed in the partition 
wall 38A. However, the amount of moisture generated in the upstream portion 
of the downstream cathode gas channel 33 is originally small, and flooding 
does not develop in the upstream portion of the downstream cathode gas 
channel 33 even if the moisture in this portion does not permeate the partition 
wall 28A. 

In addition to the effects of the first embodiment, the fifth embodiment, 
and the sixth embodiment, the fuel cell becomes thinner according to this 
embodiment, so the length in the axial direction of the fuel cell stack 1 can be 
shortened. 

Next, referring to FIG. 23, a variation of the seventh embodiment will be 
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described. 

Herein, the impermeable portion 44 is formed over the entire portion of 
the porous BPP 28 that faces the coolant channel 29 instead of forming the 
impermeable portion on the partition wall 28A by impregnating a resin. The 
impermeable portion 44 is constituted by a material similar to that of the first 
solid BPP 27, and only the portion of the porous BPP 28 that faces the 
upstream cathode gas channel 32 is constituted by the porous material. 

Since it is not necessary to impregnate a resin into the porous material 
in order to form the impermeable portion 44, the amount of the porous 
material used in a fuel cell can be further reduced. 

Referring to FIGs. 24 to 27, an eighth embodiment of this invention will 
be described. 

A power generation device according to this embodiment is similar to the 
power generation device of the fourth embodiment. According to this 
embodiment, however, a first cutoff valve 47 is further provided in the external 
pipe 39B that guides the cathode gas sent out by the blower 38 to the second 
inlet manifold 37. In addition, a discharge pipe 48 is diverged via a second 
cutoff valve 49 from the external pipe 39B upstream of the first cutoff valve 
47. Further, a liquid water trap 50 for trapping liquid phase moisture is 
provided in the external pipe 39A between the second outlet manifold 36 and 
the blower 38. 

Referring to FIG. 25, the power generation device is further provided with 
a controller 41 for controlling the opening and closing operations of the 
pressure regulating valves 19 and 40, the opening and closing operations of 
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the first cutoff valve 47 and the second cutoff valve 49, and operation of the 
blower 38. 

The controller is constituted by a microcomputer that is provided with a 
central processing unit (CPU), a read only memory (ROM), a random access 
memory (RAM), and an input/output interface (I/O interface). It is also 
possible to constitute the controller by using a plurality of microcomputers. 

In order to perform the above control, signals from a main switch 51 for 
commanding the power generation device to operate or to stop, a temperature 
sensor 55 for detecting an ambient temperature 7 of the fuel cell stack 1, and 
an inverter 56 for detecting the power generation load on the fuel cell stack 1 
are respectively input to the controller 41. 

The controller 41 executes a cathode gas supply routine shown in FIG. 26 
based on these signals. The routine execution starts in synchronism with the 
main switch 51 turned on, and thereafter the routine is repeatedly executed at 
intervals of ten milliseconds until termination of the routine execution is 
commanded within the routine. 

First, in a step SI, the controller 41 determines whether or not the main 
switch 51 has been turned on. 

When the main switch 51 has been turned on, in a step S2, the controller 
41 reads in the ambient temperature T of the fuel cell stack 1, and, in a step 
S3, determines whether or not the temperature Tis greater than zero degrees 
centigrade. 

When the temperature Tis not greater than zero degrees centigrade, in a 
step S4, the controller 41 closes the pressure regulating valve 40, opens the 



BNSDOCID: <WO 2004O25764Al_l_> 



WO 2004/025764 PCT/JP2003/0 10622 

- 27 - 

pressure control valve 19, opens the first cutoff valve 47, closes the second 
cutoff valve 49, and operates the blower 38. Finally, a counter value / Is reset 
to zero. The controller 41 completes the routine after the processes of the 
step S4. 

In the step S4, the blower 38 operates in a state where the cathode gas is 
not supplied, and the upstream cathode gas pathway 32 is negatively pressurized. 
As a result, a large pressure difference develops between the downstream 
cathode gas channel 33 and the upstream cathode gas channel 32. Cleaning 
of the microscopic pores of the partition wall 28A is thus performed. 

In the step S3, when the temperature T is greater than zero degrees 
centigrade, the controller 41, in a step S5, opens the pressure regulating valve 
40, opens the pressure control valve 19, opens the first cutoff valve 47, closes 
the second cutoff valve 49, and operates the blower 38. Further, the counter 
value / is reset to zero. The controller 41 completes the routine after the 
processes of the step S5. Power generation by the fuel cell stack 1 is performed 
in this state. The cathode gas supplied from the pressure regulating valve 40 
to the fuel cell stack 1 passes through the upstream cathode gas channel 32 
and is temporarily discharged to the external pipe 39A. After being urged by 
the blower 38, the cathode gas is supplied through the external pipe 39B to 
the downstream cathode gas channel 33 of the fuel cell stack 1, and is finally 
discharged to the ambient atmosphere through the pressure regulating valve 
19. 

Excess moisture that develops downstream of the downstream cathode 
gas channel 33 in this process passes through the partition wall 28A due to 
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the pressure difference between the downstream cathode gas channel 33 and 
the upstream cathode gas channel 32. The cathode gas of the upstream 
cathode gas channel 32 is thus humidified. As explained with respect to the 
fourth embodiment, the pressure difference between the downstream cathode 
gas channel 33 and the upstream cathode gas channel 32, therefore the 
amount of moisture that passes through the partition wall 28A, can be 
maintained nearly constant by controlling the opening of the pressure regulating 
valve 40. In the step S5, the controller 41 controls the opening of the 
pressure regulating valve 40 in accordance with the power generation load so 
as to attain a predetermined amount of transferred moisture through the 
partition wall 28A. Dryout in the upstream portion of the downstream cathode 
gas channel 33 or flooding in the downstream portion of the downstream 
cathode gas channel 33 can thus be reliably prevented. 

When it is determined in the step SI that the main switch has not been 
turned on, in other words, when the main switch 51 is in the off position, in a 
step S7, the controller 41 determines whether or not the counter value / has 
reached a predetermined value N. The counter value lis a value corresponding 
to the amount of time that has elapsed after the switch 51 has been turned 



off. 



When the counter value / has not reached the predetermined value N, in 
a step S8, the controller 41 closes both the pressure regulating valve 19 and 
the pressure regulating valve 40, closes the first cutoff valve 47, opens the 
second cutoff valve 49, and operates the blower 38. .Thereafter, the controller 
41 increments the counter value / and completes the routine. 
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According to the processing of the step S8, the upstream cathode gas 
channel 32 is negatively pressurized by the operation of the blower 38 in a 
state where the inflow and outflow of -the cathode gas to and from the 
downstream cathode gas channel 33 are shut off. As a result, moisture that 
remains in the upstream cathode gas channel 32, in the microscopic pores of 
the porous BPP 28 including the partition wall 28A, and in the downstream 
cathode gas channel 33 is sucked out by the blower 38 and is trapped in the 
liquid water trap 50 provided in the external pipe 39A. The moisture that 
remains within the porous BPP 28 when the operation of the fuel cell stack 1 
is stopped is thus expelled by repeating the processes of the step S8 such that 
the porous BPP 28 is placed in a dry state. 

When on the other hand the counter value 7 has reached the predetermined 
value N in the step S7, the controller 41, in a step S9, closes the pressure 
regulating valves 19 and 40, the first cutoff valve 47, and the second cutoff 
valve 49, and stops operation of the blower 38. In addition, the counter value / 
is reset to zero, and subsequent execution of the routine is stopped. That is 
to say, the step S7 is executed only once when the counter value / has reached 
the predetermined value N. The routine is not executed subsequently until 
the main switch 51 is once again turned on. 

By the execution of this routine, moisture within the porous BPP 28 is 
always removed over a predetermined amount of time when the fuel cell stack 
1 stops operation. Moisture therefore does not freeze within the porous BPP 
28, even if the temperature drops below zero degrees centigrade while operation 
of the fuel cell stack 1 is stopped. Since blockage of the cathode gas channels 
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is thus prevented, thawing operations are not necessary for the porous BPP 28 
when starting operation of the power generation device. 

Referring to FIG. 27, a variation of the eighth embodiment will be described. 

Herein, a bypass passage 52 that directly connects the cathode gas supply 
passage 3A and the external pipe 39A is additionally formed in the power 
generation device of FIG. 24, and a third cutoff valve 53 is provided for 
opening and closing the bypass passage 52. The bypass passage 52 bypasses 
the pressure regulating valve 40, the upstream cathode gas channel 32, and 
the liquid water trap 50. 

The controller 41 executes the cathode gas supply routine of FIG. 26 in 
which the step S8 is omitted, an opening operation of the third cutoff valve 53 
is added to the processing of the step S4 and a closing operation thereof is 
added to the processing of the steps S5 and S9. 

As a result, the cathode gas that is aspirated into the blower 38 from the 
bypass passage 52 is supplied to the downstream cathode gas passage 32 in a 
startup mode. Since the step S8 is omitted according to this variation, 
moisture remaining in the upstream cathode gas pathway 32 and in the 
porous BPP 28 freezes when the temperature falls below zero degrees centigrade 
while the power generation is not performed. 

However, power generation by the fuel cell stack 1 becomes possible by 
supplying the cathode gas directly to the downstream cathode gas channel 33. 
Ice existing in the upstream cathode gas channel 32 or in the microscopic 
pores of the porous BPP 28 is defrosted by reaction heat once the fuel cell 
stack 1 begins power generation. The controller 41 closes the third cutoff 
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valve 53 and opens the pressure regulating valve 40 when the ambient temperature 
7 has become greater than zero degrees centigrade, and thereafter the fuel cell 
stack 1 operates normally. 

The energy necessary to remove moisture remaining within the porous 
BPP 28 when the fuel cell stack 1 stops operation can be saved by providing 
the bypass pathway 52 in this way. 

The contents of Tokugan 2002-265253, with a filing date of September 11, 
2002 in Japan, are hereby incorporated by reference. 

Although the invention has been described above by reference to certain 
embodiments of the invention, the invention is not limited to the embodiments 
described above. Modifications and variations of the embodiments described 
above will occur to those skilled in the art, in light of the above teachings. 

INDUSTRIAL FIELD OF APPLICATION 

As described above, this invention improves the transporting performance 
of moisture from a moist portion to a dry portion within a membrane electrode 
assembly (MEA) of a polymer electrolyte fuel cell (PEFC). Therefore, particularly 
good results are obtained by applying this invention to vehicle mounted polymer 
electrolyte fuel cells (PEFCs) to which it is difficult to supply water from 
outside. 

The embodiments of this invention in which an exclusive property or 
privilege is claimed are defined as follows: 
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1. A polymer electrolyte fuel cell comprising: 

a membrane electrode assembly (26) comprising a polymer film (26A) and 
a pair of electrodes (26B, 26C) formed on both surfaces of the polymer film 
(26A); 

a downstream gas supply channel (33) facing a specific electrode (26C) of 
the pair of the electrodes (26B, 26C); 

an upstream gas supply channel (32) which supplies a reaction gas to the 
downstream gas supply channel (33) and is not facing the specific electrode 
(26C); and 

a partition wall (28A) which is made from a porous material, is arranged 
substantially parallel to the polymer film (26A), and partitions the downstream 
gas supply channel (33) and the upstream gas supply channel (32). 

2. The polymer electrolyte fuel cell as defined in Claim 1, wherein the upstream 
gas supply channel (32) comprises an upstream portion and a downstream 
portion, the downstream gas supply channel (33) comprises an upstream 
portion and a downstream portion, and the upstream gas supply channel (32) 
and the downstream gas supply channel (33) are disposed to cause the upstream 
portion of the upstream gas supply channel (32) to overlap with the downstream 
portion of the downstream gas supply channel (33), with the partition wall 
(28A) being sandwiched therebetween, and to cause the downstream portion of 
the upstream gas supply channel (32) to overlap with the upstream portion of 
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the downstream gas supply channel (33), with the partition wall (28A) being 
sandwiched therebetween. 

3. The polymer electrolyte fuel cell as defined in Claim 1 or Claim 2, wherein 
the fuel cell further comprises a first plate (28) made from a porous material, 
the partition wall (28A) is formed in the first plate (28), and the downstream 
gas supply channel (33) is formed between the partition wall (28A) and the 
specific electrode (26C). 

4. The polymer electrolyte fuel cell as defined in Claim 3, wherein the first 
plate (28) further comprises the upstream gas supply channel (32) which 
overlaps with the downstream gas supply channel (33), with the partition wall 
(28A) being sandwiched therebetween. 

5. The polymer electrolyte fuel cell as defined in Claim 4, wherein the partition 
wall (28A) further comprises a through hole (34) which supplies the reaction 
gas in the upstream gas supply channel (32) to the downstream gas supply 
channel (33). 

6. The polymer electrolyte fuel cell as defined in Claim 4, wherein the first 
plate (28) comprises a plurality of ribs (32A) which separate a flow of the 
reaction gas in the upstream gas supply channel (32) into a plurality of 
parallel flows and a plurality of ribs (33A) which separate a flow of the 
reaction gas in the downstream gas supply channel (33) into a plurality of 
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parallel flows. 

7. The polymer electrolyte fuel cell as defined in Claim 4, wherein the first 
plate (28) further comprises a pair of jetties (32A) which guide a flow of the 
reaction gas in the upstream gas supply channel (32) into a substantially 
S-shape, and a pair of jetties (33A) which guide a flow of the reaction gas in 
the downstream gas supply channel (33) into a substantially S-shape. 

8. The polymer electrolyte fuel cell as defined in Claim 3, wherein the pair of 
electrodes comprise (26B, 26C) an anode (26B) and a cathode (26C), the 
specific electrode (26C) comprises the cathode (26C), and the fuel cell further 
comprises a second plate (27) made from a non-porous material, the second 
plate (27) comprising an anode gas supply channel (31) which faces the anode 
(26B). 

9. The polymer electrolyte fuel cell as defined in Claim 8, wherein the fuel cell 
further comprises a third plate (30) made from a non-porous material, and the 
third plate (30) comprises a coolant supply channel (29) facing the second 
plate (27). 

10. The polymer electrolyte fuel cell as defined in Claim 8, wherein the second 
plate (27) comprises a coolant supply channel (29) which is partitioned from 
the anode gas supply channel (31). 
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11. The polymer electrolyte fuel cell as defined In Claim 8, wherein the fuel 
cell is laminated with a second polymer electrolyte fuel cell having an identical 
structure, and further comprises a separator (43) made from a material which 
does not permeate the coolant and the cathode gas, the separator (43) being 
interposed between the first plate (28) of the first fuel cell and the second 
plate (27) of the second fuel cell. 

12. The polymer electrolyte fuel cell as defined in Claim 8, wherein the fuel 
cell further comprises a third plate (30) which is made from a non-porous 
material and is located on the side of the first plate (28) opposite to the 
cathode (26C), and the upstream gas supply channel (32) is formed in the 
third plate (30). 

13. The polymer electrolyte fuel cell as defined in Claim 12, wherein the third 
plate (30) further comprises a coolant supply channel (29) which is partitioned 
from the upstream gas supply channel (32). 

14- The polymer electrolyte fuel cell as defined in Claim 8, wherein the fuel 
cell is laminated with a second polymer electrolyte fuel cell having an identical 
structure, the second plate (27) of the first fuel cell comprises the upstream 
gas supply channel (32) and a coolant channel (29) which are partitioned from 
each other while facing the partition wall (28A) of the first plate (28) of the 
second fuel cell, and the partition wall (28A) of the second fuel cell comprises 
an impermeable portion (44) which is formed of impregnated resin to prevent a 
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15. The polymer electrolyte fuel cell as defined in Claim 8, wherein the fuel 
cell is laminated with a second polymer electrolyte fuel cell having an identical 
structure, the second plate (27) of the first fuel cell comprises the upstream 
gas supply channel (32) and a coolant supply channel (29) which are partitioned 
from each other while facing the partition wall (28A) of the first plate (28) of 
the second fuel cell, and the first plate (27) of the second fuel cell comprises a 
porous potion made of a porous material and facing the upstream gas supply 
channel (32) of the first fuel cell, and a non-porous portion made of a 
non-porous material and facing the coolant supply channel (29) of the first 
fuel cell. 

16. The polymer electrolyte fuel cell as defined in Claim 3, wherein the fuel 
cell is laminated with other fuel cells of an identical structure, the first plate 
(28) further comprises a first through hole (17) which constitutes an inlet 
manifold for distributing the cathode gas to the upstream gas supply channel 
(32) of each fuel cell, a second through hole (18) which constitutes an outlet 
manifold for collecting the cathode gas from the downstream gas supply 
channel (33) of each fuel cell, and an impermeable layer (100) formed on an 
inner circumferential surface of the first through hole (17) and the second 
through hole (18) and on an outer circumferential surface of the first plate 
(28), the impermeable layer (100) functioning to prevent the reaction gas from 
permeating into the first plate (28). 
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17. The polymer electrolyte fuel cell as defined in Claim 16, wherein a cross 
sectional surface area of the second through hole (18) is set larger than a 
cross sectional surface area of the first through hole (17). 

18. A power generation device comprising: 

a fuel cell stack (1) in which a plurality of polymer electrolyte fuel cells 
are laminated, each of the fuel cells comprising a membrane electrode assembly 
(26) comprising a polymer film (26A) and a pair of electrodes (26B, 26C) 
formed on both surfaces of the polymer film (26A), a downstream gas supply 
channel (33) facing a specific electrode (26C) of the pair of the electrodes (26B, 
26C), an upstream gas supply channel (32) which supplies a reaction gas to 
the downstream gas supply channel (33), and is not facing the specific electrode 
(26C), and a partition wall (28A) which is made from a porous material, is 
arranged substantially parallel to the polymer film (26A), and partitions the 
downstream gas supply channel (33) and the upstream gas supply channel 
(32), the fuel cell stack (1) comprising a first inlet manifold (17) which distributes 
the reaction gas to the upstream gas supply channel (32) of each of the fuel 
cells, a first outlet manifold (18) which collects the reaction gas from the 
downstream gas supply channel (33) of each of the fuel cells, a second outlet 
manifold (36) which collects the reaction gas of the upstream gas supply 
channel (32) of each of the fuel cells, and a second inlet manifold (37) which 
distributes the reaction gas to the downstream gas supply channel (33) of 
each of the fuel cells; and 
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a blower (38) which forcibly supplies the reaction gas collected by the 
second outlet manifold (36) to the second inlet manifold (37). 

19. The power generation device as defined in Claim 18, wherein the device 
further comprises a first external pipe (39A) which connects the second outlet 
manifold (36) and the blower (38), and a second external pipe (39B) which 
connects the blower (38) and the second inlet manifold (37), one of the first 
external pipe (39A) and the second external pipe (39B) being covered by a 
thermal insulation material. 

20. The power generation device as defined in Claim 19, wherein the device 
further comprises a pressure regulating valve (19) which regulates a pressure 
of the reaction gas flowing out from the first outlet manifold (18). 

21. The power generation device as defined in Claim 20, wherein the device 
further comprises a second pressure regulating valve (40) which regulates a 
pressure of the reaction gas supplied to the first inlet manifold (17). 

22. The power generation device as defined in Claim 21, wherein the device 
further comprises a sensor (56) which detects a power generation load on the 
fuel cell stack (1), and a programmable controller (41) programmed to control 
an opening of the second pressure regulating valve (40) according to the power 
generation load to maintain a pressure difference between the downstream gas 
supply channel (33) and the upstream gas supply channel (32) constant (S5). 
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23. The power generation device as defined in Claim 22, wherein the device 
further comprises a first cutoff valve (47) which cuts off a flow of the reaction 
gas in the second external pipe (39B), a second cutoff valve (49) which discharges 
the reaction gas sent out by the blower (38) to the ambient atmosphere, and a 
mam switch (51) which commands to start and stop operation of the fuel cell 
stack (1), and the controller (41) is further programmed to operate the blower 
(38) in a state where the first pressure regulating valve (19), the second 
pressure regulating valve (40), and the first cutoff valve (47) are all closed and 
the second cutoff valve (49) is opened, over a predetermined time period when 
the main switch (51) has commanded to stop operation of the fuel cell stack 
(1) (S8). 

24. The power generation device as defined in Claim 23_, wherein the device 
further comprises a third cutoff valve (53) which supplies the reaction gas to 
the blower (38) without passing through the upstream gas supply channel 
(32). 

25. The power generation device as defined in any one of Claim 19 through 
Claim 24, wherein the device further comprises a liquid water trap (50) which 
traps liquid state moisture in the reaction gas which has flown out from the 
second outlet manifold (36) to the first external pipe (39A). 
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